###### Significance of this study

What is already known about this subject?
=========================================

-   Because the proportion of diabetes cases that are undiagnosed can be a misleading index of case detection, a new metric has been proposed to monitor type 2 diabetes case detection---the probability of finding undiagnosed type 2 diabetes among the population *without* diagnosed diabetes.

What are the new findings?
==========================

-   Although small improvements were seen in some advantaged population subgroups (non-Hispanic (NH) whites, adults aged 65 year or older, and higher income adults), our study found little evidence of increased detection of type 2 diabetes among adults in the USA during the past 15 years.

How might these results change the focus of research or clinical practice?
==========================================================================

-   Efforts to increase type 2 diabetes detection could benefit by focusing on Mexican-Americans and NH blacks, adults younger than 65 years of age, and those with lower incomes.

Introduction {#s1}
============

Type 2 diabetes often goes undiagnosed for years among adults in the USA. This period is a missed opportunity to initiate evidence-based interventions to prevent complications from diabetes. As a result, the importance of surveillance in tracking case detection in the USA has been heightened. Although case detection is defined as the extent to which incident cases are detected (ie, number of new cases detected/true number of new cases), its measurement is impractical for diabetes because the true number of new cases is almost always unknown.[@R1] Previous studies[@R2] have assessed trends in diabetes case detection indirectly by estimating the proportion of diabetes cases that are undiagnosed (ie, undiagnosed prevalent cases/diagnosed and undiagnosed diabetes prevalent cases). However, a recent simulation study[@R5] comparing the performance of prevalence-based and incidence-based measures to assess case detection demonstrated that incidence measures are superior to prevalence measures, and that the proportion of diabetes cases that are diagnosed (or the inverse, undiagnosed) can be a misleading index of case detection. Instead, the authors recommend that if only prevalence data are available to assess case detection, then the probability of finding undiagnosed diabetes among the population *without* diagnosed diabetes would be a more appropriate way of measuring success. The objective of the current study is to examine national trends and disparities in type 2 diabetes detection in the USA by using the newly recommended measure: the probability of finding undiagnosed diabetes among the population without diagnosed diabetes.

Research design and methods {#s2}
===========================

Data source {#s2a}
-----------

We used data from the 1999--2014 National Health and Nutrition Examination Surveys (NHANES) conducted by the National Center for Health Statistics (NCHS), Centers for Disease Control and Prevention. NHANES is an ongoing cross-sectional survey of the health and nutritional status of the non-institutionalized US civilian population, and its data are released in 2-ear increments. NHANES participants are selected through a complex, multistage cluster sampling design.[@R6] Data are collected through interviews in participants' homes and biological samples using standardized measurements in a mobile examination center. The NCHS institutional review board approved the survey protocol, and written informed consent was obtained from all participants aged 18 years or older. Response rates for completing the interview and examination for the NHANES cycles during 1999--2014 ranged from 68.5% to 80.0%.[@R7]

Study participants {#s2b}
------------------

We included NHANES adult participants (aged ≥18 years) from the morning examination session who had fasted 8 hours to less than 24 hours, excluding those reporting a previous diagnosis of diabetes (a negative response to the question: were you ever told by a doctor or health professional that you have diabetes?) (n*=*1901) and pregnant women (n*=*602). The final analytic sample included 16 644 participants, averaging about 2000 for each 2-year cycle.

Measurements and definitions {#s2c}
----------------------------

Our measure of case detection was the probability of finding an undiagnosed case of type 2 diabetes among the population without diagnosed diabetes (ie, number of undiagnosed prevalent cases/population without diagnosed diabetes).[@R5] A high value of this measure indicates poor detection, and a decreasing trend in this measure would indicate improvements in detection. We defined undiagnosed diabetes as a fasting plasma glucose (FPG) level of 126 mg/dL or higher, or a hemoglobin A1c level of 6.5% (48 mmol/mol) or higher. We categorized self-reported sociodemographic data as follows: age (18--44, 45--64, ≥65 years), sex (men, women), race or ethnicity (non-Hispanic (NH) white, NH black, Mexican-American, and other racial or ethnic groups), education level (\<high school, high school, and \>high school), and survey cycle-specific tertile of poverty-income ratio (PIR). PIR is defined as the ratio of the individual's family income to their poverty threshold as defined by the US Census Bureau, accounting for inflation and family size.[@R7]

Statistical analysis {#s2d}
--------------------

By using appropriate fasting sampling weights and sampling design information, we calculated nationally representative estimates of our surrogate prevalence measure of detection--the probability of finding undiagnosed diabetes. We stratified probability estimates by sociodemographic characteristics. To produce reliable estimates by demographic subgroups, we grouped NHANES data into 4-year periods: 1999--2002, 2003--2006, 2007--2010, and 2011--2014. Age-standardized prevalences were calculated by using the direct method applied to the 2000 US census population with our three age groups. To assess trends, we estimated the probabilities of finding undiagnosed diabetes for each 2-year survey cycle and calculated *P* for trend from linear regression models using variance weighted least squares with 2-year survey cycle as the independent variable. A *P* value of less than 0.05 was considered statistically significant.

Results {#s3}
=======

In the USA, the age-standardized probability of finding undiagnosed type 2 diabetes among adults without diagnosed diabetes was 3.0% (95% CI 2.1% to 4.2%) during 1999--2000 and 2.8% (2.2%--3.6%) during 2013--2014 ([figure 1](#F1){ref-type="fig"}) (*P* for trend=0.52). When time trends were examined by sociodemographic subgroups ([table 1](#T1){ref-type="table"}), a significant increase was found among Mexican-Americans, for whom the probability increased from 3.7% (2.4%--5.5%) during 1999--2002 to 6.0% (4.0%--8.9%) during 2011--2014 (*P* for trend=0.01). During 1999--2014, significant decreases occurred for adults aged 65 years or older (*P* for trend=0.04), NH white (*P* for trend=0.02), and adults in the highest PIR tertile (*P* for trend=0.047). However, differences between first and last periods were not great. For all other sociodemographic groups, there were no significant trends.

![Age-standardized probability of finding undiagnosed diabetes among the US population without diagnosed diabetes aged ≥18 years by survey cycle. National Health and Nutrition Examination Surveys 1999--2014. *P* for trend=0.52, calculated from a linear regression model by using variance weighted least squares with 2-year survey cycle as the independent variable.](bmjdrc-2017-000487f01){#F1}

###### 

Probability (percentage, 95% CI) of finding undiagnosed diabetes among the US population without diagnosed diabetes aged ≥18 years, National Health and Nutrition Examination Surveys (NHANES), 1999--2014\*

                                  1999--2002        2003--2006        2007--2010         2011--2014       P value †
  ------------------------------- ----------------- ----------------- ------------------ ---------------- -----------
  Crude estimates                                                                                         
  Total                           3.3 (2.8--4.0)    3.2 (2.5--4.0)    3.7 (3.1--4.3)     3.2 (2.7--3.8)   0.83
  Age group (years)                                                                                       
   18--44                         1.2 (0.6--2.1)    1.1 (0.6--1.8)    1.1 (0.7--1.5)     1.3 (0.9--2.0)   0.91
   45--64                         5.0 (3.6--6.7)    3.9 (2.6--5.7)    4.4 (3.2--5.9)     4.9 (3.8--6.3)   0.60
   ≥65                            7.8 (5.9--10.4)   8.9 (6.5--12.2)   10.9 (8.6--13.7)   5.6 (3.9--7.9)   0.04
  Age-standardized estimates ‡                                                                            
  Total                           3.4 (2.9--4.1)    3.3 (2.6--4.1)    3.7 (3.2--4.4)     3.1 (2.6--3.8)   0.52
  Sex                                                                                                     
   Men                            4.2 (3.3--5.2)    4.4 (3.3--5.8)    5.0 (4.1--6.1)     3.7 (2.8--5.0)   0.39
   Women                          2.9 (2.2--3.7)    2.2 (1.5--3.1)    2.6 (2.0--3.4)     2.6 (2.0--3.4)   0.63
  Race/ethnicity§                                                                                         
   Non-Hispanic white             3.2 (2.6--3.9)    2.9 (2.1--4.1)    3.1 (2.5--3.7)     2.2 (1.7--2.9)   0.02
   Non-Hispanic black             5.3 (3.9--7.3)    4.6 (3.6--5.7)    6.5 (5.1--8.3)     5.5 (3.9--7.6)   0.50
   Mexican-American               3.7 (2.4--5.5)    4.7 (3.5--6.3)    7.0 (5.0--9.6)     6.0 (4.0--8.9)   0.01
  Education                                                                                               
   \<High school                  5.5 (4.3--7.1)    4.2 (3.0--6.0)    4.5 (3.6--5.6)     4.9 (3.6--6.7)   0.96
   High school graduate           3.2 (2.2--4.7)    4.3 (3.0--6.1)    5.3 (4.0--7.0)     3.7 (2.9--4.9)   0.69
   \>High school                  2.6 (1.9--3.6)    2.5 (1.7--3.5)    2.7 (2.0--3.5)     2.4 (1.8--3.3)   0.92
  Poverty-income ratio tertile¶                                                                           
   Lowest                         4.7 (3.6--6.3)    4.1 (3.2--5.3)    4.0 (3.2--5.1)     4.6 (3.7--5.8)   0.83
   Middle                         3.3 (2.3--4.7)    3.3 (2.1--5.2)    3.9 (2.9--5.3)     3.0 (2.2--4.3)   0.69
   Highest                        2.4 (1.7--3.5)    1.8 (0.9--3.4)    3.2 (2.3--4.4)     1.5 (0.9--2.5)   \<0.05

\*Two NHANES cycles were combined, yielding more precise, 4-year prevalence estimates.

†*P* values for trend were estimated from linear regression models by using variance weighted least squares with 2-year survey cycle as the independent variable.

‡Prevalence estimates were age-standardized to the 2000 US standard population by using age groups 18--44, 45--64, and ≥65 years.

§Prevalence estimates for participants who self-reported as other race/ethnicity were not presented because of small numbers, but their data are included in other estimates.

¶Data on poverty-income ratio were missing for 1292 participants.

During 2011--2014, the probability of finding undiagnosed type 2 diabetes was lower among adults aged 18--44 years (1.3%, 0.9%--2.0%) than among adults aged 65 years or older (5.6%, 3.9%--7.9%); higher among men (3.7%, 2.8%--5.0%) than women (2.6%, 2.0%--3.4%); higher among NH black adults (5.5%, 3.9%--7.6%) and Mexican-Americans (6.0%, 4.0%--8.9%) than among NH white adults (2.2%, 1.7%--2.9%); higher among those with less than a high school education (4.9%, 3.6%--6.7%) than among those with greater than a high school education (2.4%, 1.8%--3.3%); and higher in the lowest tertile of PIR (4.6%, 3.7%--5.8%) than the middle (3.0%, 2.2%--4.3%) and highest (1.5%, 0.9%--2.5%) tertiles.

Discussion {#s4}
==========

Our analyses of nationally representative data suggest that detection of undiagnosed type 2 diabetes among adults did not increase in the USA from 1999 to 2014. Although not increasing overall, detection improved among some sociodemographic subgroups in the USA, including NH white adults, adults in the highest income category (ie, in the top tertile of PIR), and those aged 65 years or older. Detection did not improve among other population subgroups, including black adults, adults of lower income (first and middle tertiles of PIR), and adults aged younger than 65 years. Further, we found that detection of type 2 diabetes decreased among Mexican-Americans. These findings stand in contrast to impressions that we are now doing a better job of detecting diabetes, and our findings suggest that this is only true for some sociodemographic groups.

Our findings of improved detection among select sociodemographic groups might be caused by increasing rates of testing for diabetes among those with access to healthcare. This is consistent with two cross-sectional studies[@R8] of NHANES data that found various measures of access to healthcare (eg, no health insurance or discontinuous insurance during the past year, no routine place for care, no healthcare during the past year) to be associated with having undetected diabetes.

Our study is the first to use a recently recommended metric[@R5]---the probability of finding undiagnosed diabetes among the population without diagnosed diabetes---to assess type 2 diabetes detection in the USA. The exclusion of diagnosed cases from the denominator is logical when assessing detection because diagnosed cases have already been detected and, therefore, need not be included among the population of interest. Further, this exclusion of diagnosed cases from the population of interest allows us to state what proportion of the population would test positive if those without known disease were tested. Thus, during 2011--2014, 3.2% of the population without diagnosed diabetes would test positive for diabetes or, alternatively, about 3 of 100 adults would be found to have type 2 diabetes.

In general, our findings are consistent with those of a study by Menke and colleagues,[@R3] which examined trends in the prevalence of undiagnosed type 2 diabetes (undiagnosed diabetes/total population) on the basis of NHANES data from an earlier period (ie, 1988--2012). Both of our studies found no significant increase in undiagnosed/undetected diabetes and similar sociodemographic disparities in prevalence. Both also found that undiagnosed diabetes increased among Mexican-Americans. However, in contrast to Menke and colleagues, our study found increased detection among NH white adults, adults in the highest income category, and those aged 65 years or older. These differences between studies may be related to the different periods studied or methods used in analyzing trends.

Prior research has shown that the proportion of diabetes that is undiagnosed (undiagnosed diabetes/diagnosed and undiagnosed diabetes) has decreased.[@R3] This trend has been interpreted as possible evidence of improved screening and detection.[@R2] Our finding of no overall improvements in type 2 diabetes detection and Menke and colleagues' finding of no declines in the prevalence of undiagnosed diabetes contradict these interpretations and point to the fallibility---as a recent study suggested[@R5]---of using the proportion of diabetes that is undiagnosed to monitor changes in detection over time.

The strengths of this study rest in its use of nationally representative survey data and appropriate statistical analyses that account for sampling design of survey and survey non-response. However, there are some limitations. To determine cases of undiagnosed type 2 diabetes, we relied on self-reported history of diabetes (with those reporting no history of diabetes receiving laboratory tests) and an A1c or FPG level indicative of diabetes. The less than perfect sensitivity of self-reported diabetes and the reliance on a single positive laboratory test to identify undiagnosed disease may lead to overestimation of undiagnosed diabetes prevalence.[@R10] Also, we do not know whether self-report of diabetes improved over time. Further, it is unknown how the introduction of A1c to diagnose diabetes may have affected trends, how physicians actually diagnose diabetes, and whether that has changed over time. These factors could impact trends and characteristics of persons diagnosed and undiagnosed.

In conclusion, despite clinical and public health aspirations of improving detection of type 2 diabetes and impressions that we may be doing a better job of detecting diabetes,[@R2] our study found little evidence of increased detection of type 2 diabetes among adults in the USA during the past 15 years. Exceptions where detection improved include adults of Medicare age, higher income adults, and NH white adults, all of whom may have better or more frequent access to healthcare, increasing their chances of being tested for diabetes or of opportunistic identification of undiagnosed diabetes. As additional prevention efforts are made to identity those at high risk of developing diabetes, case identification of undiagnosed type 2 diabetes may improve.
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